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 EUVL Test Bed – Infrastructure for development of EUVL

- Introduction of EUVL beamline @ Pohang Light Source.

 Mask Contamination/Inspection System 

- What is it’s concept?

- Optical design for mask contamination/inspection system

- Test results 

: In-situ mask contamination analysis

: mask inspection - Light source alignment & Noise reduction

 Summary

Outline
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Development of the Core EUVL technology for 22 nm node 
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EUVL Test Bed – development target

Source: 2008 EUVL Symposium
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EUVL Test Bed – Infrastructure for EUVL

e-

Mask Contamination
/Inspection system
: 2009 3th setup

AIMS
: 2008 2nd setup

Reflectometer / IL
: Run / 2008 1st setup

Micro Exposure Tool
: Run / 2007 1st setup

Resist evaluastion system
: Run / 2006 4th setup

11B EUVL(Hanyang U.)

Pohang Light 
Source

Hanyang Univ,  

Sansung 
Electronics

Hynix

11B EUVL BL

Resist outgassing MET EUV reflectometer

Recent performance.
ICS/CSM to investigate mask life time issue 
related with C contamination
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EUVL Test Bed – Recent progress
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• Scan Speed : # 1

• Baseline Noise : 7 x E-15

• Scan Time : 10 min

• Beam Current : 441 nA

Sample A

LBNL test results

Exposure : LBNL MET

Illumination : Ann (0.3/0.55)

Inspection : L/S 1:1 

Film Thickness : 50nm

Unit Resolution
Photo-speed

(@50nm, L/S) 
LER (@50nm)

07’ 4Q < HP 32 nm 20.0 mJ 5.9 nm

08’ 2Q HP 28 nm 6.2 mJ 5.3 nm

2008.05. LBNL test result

Dongjin DHE-1158

Resist outgassing test result
-> Dongjin EUV resist evaluation
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11B EUVL
Top view

Mask Contamination/Inspection system
october /2009

EUVL Test Bed – new challenge (mask inspection)

1. EUV mask analysis (CD, H-V bias) 

2. In-situ mask contamination & analysis 

(reflectance, carbon thickness)

In-situ measurement of mask

contamination effect on the imaging 

performance
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EUV CSM 
-EUV coherent scattering microscopy
-Mask image reconstruction using EUV diffraction beam
-Critical dimension (CD) measurement

In-situ contamination system 
- Exposure acceleration system
- ML reflectance & carbon thin film thickness measurement(In-situ 
spectroscopic ellipsometer)
- Exposure environment optimization for lower contamination 

Mask Contamination/Inspection System

EUV condenser
optics

EUV

pinhole

x-ray CCD

pattern

mask contamination

EUV 
reflectivity

Carbon 
growth

chemical 
environment
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Mask Contamination/Inspection System

X-ray CCD camera 
: Pixel - 2048 X 2048 imaging array
Pixel size – 13.5 X 13.5 um2

Imaging area – 27.6 X 27.6 mm2

Vacuum compatible

microscope 
: 85mm beam 
distance
X 5000 zoom

stage (6” reticle )
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6” mask
X-Y axis 

movement

Photo diode
: EUV 

reflectance

fast 
shutter

PAL 11B
SR Bending 

Light

Dual Zr filter
/ quardruple

PD

Pin 
hole

Mask contamination 
position

: EUV acceleration

①EUV reflectance
②Carbon thickness
- real time measurement

Mask pattern imaging 
position

: 6 degree injection Residual Gas 
Analysis

Mass
Spectroscopy

Optical design for Mask Contamination/Inspection System
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Spherical mirror

Plane mirror

High-speed 
shutter

Pinholes
(5um / 400um)

EUV beam

X-ray CCD

Pinhole 400um)

EUV mask 
position

00800inf.10 mmPhotodiode-1st(quad)12

0125.5-4.470inf.10 mmPhotodiode-2nd(sqar)11

101.635.97-64.26inf.1''Reference mirror10

0-73.4-25.46inf.6''Mask 9

00-33.142inf.1/2''Mirror for acceration8

0-43.4-64.616881/2''Spherical mirror for imaging7

0-23.7-96.826inf.1/2''Plane mirror for imaging6

035.97-1030inf.1''CCD center 5

0-73.4-91.66inf.6''Mask 4

08.624-8339inf.1/2''Plane mirror3

00-16531651''Spherical mirror 2

0000inf.5 (um)Pinhole 1

zyx
Beam incidence angle 

to optics (deg.)
Radius of 

Curvature(mm)
SizeOptics Name

00800inf.10 mmPhotodiode-1st(quad)12

0125.5-4.470inf.10 mmPhotodiode-2nd(sqar)11

101.635.97-64.26inf.1''Reference mirror10

0-73.4-25.46inf.6''Mask 9

00-33.142inf.1/2''Mirror for acceration8

0-43.4-64.616881/2''Spherical mirror for imaging7

0-23.7-96.826inf.1/2''Plane mirror for imaging6

035.97-1030inf.1''CCD center 5

0-73.4-91.66inf.6''Mask 4

08.624-8339inf.1/2''Plane mirror3

00-16531651''Spherical mirror 2

0000inf.5 (um)Pinhole 1

zyx
Beam incidence angle 

to optics (deg.)
Radius of 

Curvature(mm)
SizeOptics Name

Optical design for Mask Contamination/Inspection System



Hanyang University
Sangsul Lee 12

Mask Contamination Analysis

1. Reference ML mirror

2. EUV mask acceleration test
(XX hours) : Change of EUV reflectance
Carbon thin film thickness

EUV reflectometer

* EUV acceleration, 2hr

Blank mask (A) : 1.85% Reflectivity Drop

Blank mask (B): 2.92% Reflectivity Drop

2hr

2hr
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Mask Contamination Analysis - ellipsometry

50µm ~ 1 mm beam 

diameter

In-situ measurement 

: carbon thickness

65º incident angle

Carbon contamination image
(Measurement of In-situ microscope)

: Si capping mirror 

EUV expose : 2hr
Thickness : ~420 A
n : 1.6  k : 0.0  @ λ = 633nm

Wavelength (nm)
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Development of Coherent Scattering Microscopy

EUVL 

Mask

X-Ray CCD

EUV B
ea

m

EUVL 

Mask

X-Ray CCD

EUV B
ea

m

Mask Pattern

(SEM Image)

EUV Coherent Scattering Microscopy

Field Spectrum

Measurements

100-nm (4X)

Source : EUV symposium 2008
Donggun Lee., et al
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Beam alignment & noise reduction

CCD
EUV beam image 

CCD 
back ground noise

back 
ground

subtraction

remove 
noise 
source
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We set up Mask Contamination/Inspection system at PAL.

Our system will help to quantize and correlate the degree of contamination
and the degradation of mask performance.

Summary
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